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he Prognostic Significance
f Exercise-Induced Atrial Arrhythmias
. Jared Bunch, MD,*† Krishnaswamy Chandrasekaran, MD,*† Bernard J. Gersh, MD, PHD,*†
tephen C. Hammill, MD,*† David O. Hodge, MS,‡ Akbar H. Khan, MD,* Douglas L. Packer, MD,*†
atricia A. Pellikka, MD*†
ochester, Minnesota
OBJECTIVES The purpose of the study was to determine if atrial ectopy (AE) or atrial arrhythmias during
exercise are predictive of an increased risk of cardiac events and death.
BACKGROUND Although stress-induced atrial arrhythmias are common during exercise testing, there is a
paucity of data regarding the correlation with underlying heart disease and cardiovascular
outcomes. Atrial arrhythmias may reflect underlying left atrial enlargement and diastolic
dysfunction, which are prognostic of mortality. We hypothesized that these stress-induced
arrhythmias are associated with long-term adverse cardiac events.
METHODS Exercise echocardiography was performed in 5,375 patients (age 61  12 years) with known
or suspected coronary artery disease. An abnormal result was defined as exercise-induced atrial
fibrillation (AF)/atrial flutter, supraventricular tachycardia (SVT), or AE.
RESULTS A total of 311 (5.8%) patients died (132 [2.5%] from cardiac causes) over a period of 3.1 
1.7 years. In addition, 193 (3.6%) patients experienced a myocardial infarction (MI) and 531
(9.9%) patients required revascularization. During exercise testing, 1,272 (24%) patients
developed AE, 185 (3.4%) developed SVT, and 43 (0.8%) developed AF. The five-year
cardiac death rate was not statistically different between groups (none [3.8%], AE [4.3%],
SVT [3.7%], AF [0%], p 0.43). The five-year rate of MI was significantly different between
groups (none [5.7%], AE [8.3%], SVT [0%], AF [9.0%], p  0.005). The five-year rate of
revascularization between groups was not significantly different (none [14.2%], AE [17.0%],
SVT [11.8%], AF [14.8%], p  0.50). A composite of all five-year adverse end points was
similar between groups (none [22.7%], AE [27.8%], SVT [17.7%], AF [25.7%], p  0.10).
In stepwise multivariate analysis, AE was not predictive of myocardial infarction when taking
into account traditional clinical variables and exercise test results.
CONCLUSIONS In this large cohort of patients, the occurrence of AE was predictive of an increased risk of
MI. However, the association did not persist after adjustment for clinical and exercise
variables known to predict adverse long-term cardiovascular outcomes. The rate of long-term
cardiac death or revascularization was not influenced by the development of stress-induced
atrial arrhythmias. (J Am Coll Cardiol 2004;43:1236–40) © 2004 by the American College
of Cardiology Foundationp
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fespite extensive evaluation of exercise-induced ventricular
rrhythmias, the long-term significance of exercise-induced
trial arrhythmias is unknown. During exercise, ectopic
trial pacemakers, sinus arrhythmia, paroxysms of atrial
achycardia, and junctional tachyarrhythmias are common
1). Paroxysmal atrial fibrillation (AF) and supraventricular
achycardia (SVT) during exercise are rare (1,2). Of these
hythms, premature atrial complexes are the most common,
ith a general incidence ranging from 2.5% to 10% (3–5).
n general, exercise-induced atrial arrhythmias increase with
ge (6,7).
Although exercise-induced atrial ectopy (AE) is com-
on, there is a paucity of data regarding the correlation
ith underlying heart disease and cardiovascular outcomes.
n a small study, Whinnery et al. (5) found supraventricular
From the *Department of Internal Medicine, †Division of Cardiovascular Diseases,
epartment of Internal Medicine, Mayo Clinic, and ‡Division of Biostatistics,
epartment of Health Sciences Research, Mayo Clinic, Rochester, Minnesota.
Manuscript received September 5, 2003; revised manuscript received October 20,e003, accepted October 28, 2003.remature beats in 40% of 20 patients with cardiac disease
ersus 10% in 20 healthy controls. In addition, Master (3)
eported 24 patients with atrial premature complexes, 15
63%) of whom had underlying organic cardiac disease.
espite these findings, there have been no subsequent
ong-term studies to determine the prognostic utility of
xercise-induced AE in ascertainment of long-term cardio-
ascular risk. Accordingly, we studied the hypothesis that
E during exercise would be a predictor of increased risk of
ardiovascular disease and death. In addition, we studied the
rognostic significance of exercise-induced AF and SVT.
ETHODS
opulation. This study was approved by the Mayo Clinic
nstitutional Review Board. We retrospectively studied
,444 patients who underwent clinically indicated exercise
chocardiography at Mayo Clinic (Rochester, Minnesota)
rom January 1990 through December 1995. Patients were
xcluded if they refused participation in research or were lost
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April 7, 2004:1236–40 Exercise-Induced Atrial Arrhythmiaso follow-up. Patients with AF on the baseline electrocar-
iogram (ECG) were also excluded. A total of 5,375
atients met criteria for inclusion. Patient demographics
ere obtained at the time of the treadmill test through a
atient interview and chart review. Data collected included
ge, gender, cardiovascular risk factors, medications, prior
ardiac procedures, and the reason for pursuing an exercise
est. The ejection fraction at rest was measured using a
odification of the method of Quinones et al. (8) or by
isual estimation (9), and at exercise by visual estimation.
The patients underwent a symptom-limited treadmill
xercise test according to the Bruce protocol (88%), Naugh-
on protocol (6%), modified Bruce protocol (3%), or other
rotocol (3%). Standard blood pressure and 12-channel
CG monitoring were performed. During each stage of
xercise, data on the heart rate, blood pressure, and ECG
hanges were recorded. Those persons recording these data
ere unaware of the hypothesis of this study.
Information regarding atrial arrhythmias was recorded
uring each stage of the protocol and upon completion of
he study. Atrial arrhythmias were defined in four catego-
ies: no arrhythmia, AE, AF or atrial flutter, and SVT. We
onsidered three or more consecutive beats at an accelerated
ate (accelerated relative to the sinus tachycardia that is
xpected during exercise testing) to be a tachycardia. Iso-
ated narrow complex beats and pairs were classified as AE.
he exercise ECG was considered positive for ischemia if
here was horizontal or downsloping ST-segment depres-
ion of at least 1 mm at 80 ms after the J-point, nondiag-
ostic if the baseline ST-segment was abnormal, and
egative for ischemia in the absence of these criteria.
xercise echocardiography results were defined as abnormal
f ischemia or fixed wall motion abnormalities were present.
ollow-up. Follow-up data were obtained from mailed
uestionnaires and scripted telephone interviews. Events
ere verified by contacting the patients’ primary physicians
nd reviewing medical records and death certificates. The
nd points were myocardial infarction (MI), revasculariza-
ion (percutaneous transluminal coronary angioplasty or
oronary artery bypass grafting), cardiac death, overall
eath, and major adverse cardiac events (MACE) (compos-
te of MI, revascularization, and cardiac death). Sudden
nexpected death occurring without another explanation
as included as cardiac death. Stroke felt to be resultant
Abbreviations and Acronyms
AE  atrial ectopy
AF  atrial fibrillation
CI  confidence interval
ECG  electrocardiogram/electrocardiographic
HR  hazard ratio
LV  left ventricular
MACE  major adverse cardiac events
MI  myocardial infarction
SVT  supraventricular tachycardiadrom a cardioembolic source was included as a cardiac death.
oronary revascularization procedures during the follow-up
eriod were also included. This end point was analyzed
ecause the results of the exercise stress tests were available
o treating physicians and may have been used in decisions
o perform revascularization, thus altering long-term sur-
ival rates as well as representing underlying coronary artery
isease.
tatistical analysis. Continuous variables were reported as
ean  SD and comparisons between groups were based
n the Wilcoxon rank-sum test. Categorical variables were
ummarized as percentages, and group comparisons were
ased on the chi-square test. Survival free of the end point
f interest was estimated by the Kaplan-Meier method.
nivariate associations of clinical and exercise variables with
he end points were assessed in a Cox proportional-hazards
odel. A multivariate model was established initially with
nly clinical baseline data, including rest echocardiographic
ariables. Exercise ECG, hemodynamic variables, and ex-
rcise echocardiographic variables were added in a stepwise
orward selection manner to the clinical model. These
odels did not take into consideration the location of wall
otion abnormalities. The significance of adding additional
ariables to previous modeling steps was based on the
hange in model-based likelihood statistics with degrees of
reedom equal to the number of additional variables.
ESULTS
atient characteristics. Among the 5,375 patients that
et inclusion criteria, 1,500 patients developed an exercise-
nduced atrial arrhythmia (Table 1). Of these patients,
,272 (23.7%) had AE, 43 (0.8%) had AF or atrial flutter,
nd 185 (3.4%) had SVT. The clinical and exercise-related
haracteristics of the patients based upon atrial arrhythmia
re shown in Table 2. Patients who developed exercise-
nduced arrhythmias were older in comparison with patients
ho did not have atrial arrhythmias (p  0.001). Patients
ith stress-induced AF/atrial flutter had a higher mean
aximum heart rate in comparison to the other groups (p
.0001).
utcome. During a mean follow-up of 3.1  1.7 years,
00 patients died. Of these, there were 132 cardiac
eaths, including 54 with MI, 28 with congestive heart
ailure, 19 with sudden death, 14 with ventricular fibril-
ation cardiac arrest, and 4 with cardioembolic stroke. A
otal of 195 patients had an MI, and 531 patients
nderwent revascularization (273 coronary angioplasty,
28 coronary artery bypass graft). The five-year overall
eath rate was not statistically different between arrhyth-
ia groups (none [9.1%], AE [9.8%], SVT [10%], AF
12.9%], chi-square  4.8, p  0.19) (Fig. 1), nor was
he five-year cardiac death rate (none [3.8%], AE [4.3%],
VT [3.7%], AF [0%], chi-square  12.7, p  0.43)
Fig. 2). The five-year rate of MI was significantly
ifferent between groups (none [5.7%], AE [8.3%], SVT
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Exercise-Induced Atrial Arrhythmias April 7, 2004:1236–400%], AF [9.0%], chi-square  2.8, p  0.005) (Fig. 3).
he five-year rate of revascularization between groups
as not significantly different (none [14.2%], AE
17.0%], SVT [11.8%], AF [14.8%], chi-square  2.4, p
0.5). A composite of all five-year adverse end points
as similar between groups (none [22.7%], AE [27.8%],
VT [17.7%], AF [25.7%], chi-square  6.1, p  0.1)
Fig. 4).
redictors of events. The significance of exercise-induced
trial arrhythmias for prediction of MI was further pursued. A
ultivariate model was constructed with covariates of several
linical variables: age (hazard ratio [HR] 1.02, 95% confidence
nterval [CI] 1.01 to 1.04, p  0.001), gender (HR 0.54, 95%
able 1. General Patient and Exercise Test Characteristics
Variable
None
(n  3,875)
A
(n 
eneral
Gender/male 2,167 (55.9%) 731 (
Age (yrs) 60.0  12.4 64.4
Hypertension 1,702 (43.9%) 609 (
Diabetes 403 (10.4%) 119 (
Hyperlipidemia 2,073 (53.5%) 745 (
Previous MI 709 (18.3%) 221 (
Previous PTCA 381 (9.8%) 124 (
Previous CABG 455 (11.7%) 157 (
Smoking history 2,016 (52.0%) 660 (
Family history 1,465 (37.8%) 488 (
Chest pain 763 (19.7%) 251 (
Dyspnea 619 (16.0%) 240 (
edications
Beta-blockers 908 (23.4%) 321 (
Calcium-channel blockers 1,006 (26.0%) 325 (
CG and stress-test variables
Normal ECG 1,777 (45.9%) 553 (
ST-segment changes 1,491 (38.5%) 536 (
LVH 165 (4.3%) 57 (
RBBB 171 (4.4%) 72 (
Max heart rate 146.3  25.3 143.1
Test duration (min) 7.8  2.9 7.8
E  atrial ectopy; AF  atrial fibrillation; CABG  coronary artery bypass grafting
oronary angioplasty; RBBB  right bundle branch block; SVT  supraventricular
Table 2. Independent Predictors of Subsequen
Model Param
Clinical Age
Gender
Hypertensi
Diabetes
Hyperlipid
Clinical  Ejection fr
Pretest echo RWMA
Clinical  New or wo
Pretest echo  *Exercise test RWMA
Clinical  Atrial ecto
Pretest echo  Atrial fibri
Exercise test  Supraventr
Exercise test Tachycardi
Atrial arrhythmias
*Step three added stress-induced variables. ST-segment depre
the multivariate analysis it resulted in a hazard ratio (HR) oRWMA  regional wall motion abnormalities.I 0.37 to 0.71, p 0.0002), diabetes (HR 1.59 95% CI 1.41
o 1.78, p 0.011), hyperlipidemia (HR 1.44 95% CI 1.29 to
.59, p 0.014), previous MI (HR 2.23 95% CI 2.13 to 2.43,
 0.0001), normal baseline ECG (HR 0.63 95% CI 0.45 to
.80, p 0.007), test duration (HR 0.98 95% CI 0.97 to 0.99),
 0.0002). Atrial ectopy remained predictive of MI risk (HR
.5, 95% CI 1.1 to 2.1, p  0.02). However, AF (HR 1.38,
5% CI 1.97 to 0.8, p  0.58) and SVT (HR 0.0, p  0.99)
ere not predictive of MI risk.
A stepwise clinical model was established using four steps
o determine the long-term additive prognostic impact of
E on myocardial risk beyond clinical variables. This is
hown in Table 2. Stress-induced AE resulted in a HR of
2)
AF
(n  43)
SVT
(n  185) p value
) 32 (74.4%) 94 (50.8%) 0.030
.9 67.0  8.6 65.7  10.0 0.001
) 18 (41.9%) 89 (48.1%) 0.073
) 4 (9.3%) 11 (6.0%) 0.197
) 17 (39.5%) 106 (57.3%) 0.002
) 10 (23.3%) 25 (13.5%) 0.273
) 2 (4.7%) 12 (6.5%) 0.319
) 3 (7.0%) 19 (10.3%) 0.626
) 20 (46.5%) 77 (41.6%) 0.043
) 11 (25.6%) 76 (41.1%) 0.297
) 8 (18.6%) 29 (15.7%) 0.601
) 7 (16.3%) 38 (20.5%) 0.054
) 6 (14.0%) 34 (18.4%) 0.073
) 17 (39.5%) 44 (23.8%) 0.196
) 8 (18.6%) 80 (43.2%) 0.002
) 26 (60.5%) 71 (38.4%) 0.004
) 3 (7.0%) 8 (4.3%) 0.839
) 3 (7.0%) 5 (2.7%) 0.139
.2 156.5  22.0 149  24.2 0.0001
8 6.9  2.9 7.3  2.6 0.001
 left ventricular hypertrophy; MI  myocardial infarction; PTCA  percutaneous
ardia.
ocardial Infarction Using a Four-Step Model
HR (95% CI) p value
1.03 (1.02–1.05) 0.0001
0.48 (0.35–0.66) 0.0001
1.35 (1.01–1.80) 0.0440
1.91 (1.33–2.74) 0.0004
1.50 (1.12–2.02) 0.0065
0.98 (0.97–0.99) 0.0012
2.24 (1.56–3.20) 0.0001
g
1.79 (1.23–2.61) 0.0023
1.32 (0.95–1.84) 0.1027
1.58 (0.50–4.99) 0.1027
0.00 (0.00–0.00)
id not fit into the model. When this variable was forced into
(95% confidence interval [CI] 0.97 to 1.14).E
1,27
57.4%
 10
47.9%
9.4%
58.6%
17.4%
9.8%
12.3%
51.9%
38.4%
19.7%
18.9%
25.2%
25.6%
43.5%
42.1%
4.5%
5.7%
 23
 2.
; LVHt My
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owever, there was no significant difference between AE
nd no atrial arrhythmias (p  0.1). Removal of echocar-
iographic variables from the stepwise model did not alter
he significance of AE beyond that of no arrhythmia
nduced in prediction of long-term risk of MI (p  0.11).
ISCUSSION
his is the first study to assess and compare the association
f various stress-induced atrial arrhythmias on long-term
dverse cardiac events. In a large cohort of patients referred
or exercise stress testing, the occurrence of AE was predic-
ive of an increased risk of MI. This association did not
ersist when taking into account clinical or exercise test
arameters. The rates of long-term cardiac death, revascu-
arization, or MACE were not associated with development
f stress-induced atrial arrhythmias.
These data provide long-term clinical insight into small
rior studies that suggest exercise provocation of AE is
ssociated with cardiac disease (3,5). The pathophysiology
nderlying this association is unclear. During ventricular
iastole, the left atrium is exposed to the left ventricular
LV) pressure. Furthermore, the pressure and size of the left
trium are directly influenced by those factors that alter
iastolic LV filling (10,11). Deteriorating diastolic function,
igure 1. The Kaplan-Meier analysis of the association of exercise-induced
trial arrhythmias and five-year overall survival. AF  atrial fibrillation;
VT  supraventricular tachycardia.
igure 2. The Kaplan-Meier analysis of the association of exercise-induced
(trial arrhythmias and five-year cardiac survival. Abbreviations as in Figure 1.hich is associated with elevated LV diastolic pressures,
trongly predicts long-term cardiovascular risk and mortality
11–14). Because increased left atrial size is associated with
trial arrhythmias, this may in part explain this finding.
nother potential mechanism is that AE may represent
nderlying systemic inflammation. Chung et al. (15) re-
orted an increase in C-reactive protein, a risk factor of
ardiovascular disease (16), in patients with persistent, lone,
nd paroxysmal AF as well as AE. Despite this association,
n our study, AE did not add to traditional risk factors in
ong-term ascertainment of MI risk.
These data reveal that AF, AE, and SVT were not
redictive of risk of cardiac death, revascularization, and
ACE, which support and expand the findings of Mauerer
t al. (17). They reported long-term data on 85 patients
6.1% of the total population) who developed stress-induced
VT (3 consecutive supraventricular beats at a rate 100
eats/min). In this cohort of patients, there no significant
ncrease in cardial mortality, MI, or syncope in comparison
o a control population (17).
All of the exercise-induced atrial arrhythmias increased
ith age. This finding is consistent with prior reports
6,7,17). Although the reason for the age-related increase of
xercised-induced arrhythmias in unknown, it may reflect
n age-related increase in left atrial size, exaggerated nor-
igure 3. Kaplan-Meier analysis of the association of exercised-induced
trial arrhythmias and five-year survival free of myocardial infarction (MI).
bbreviations as in Figure 1.
igure 4. Kaplan-Meier analysis of the association of exercised-induced
trial arrhythmias and five-year survival free of major adverse cardiac events
MACE). Abbreviations as in Figure 1.
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Exercise-Induced Atrial Arrhythmias April 7, 2004:1236–40pinephrine and epinephrine responses during exercise, or
n increase in risk factors of LV dysfunction (17–19).
The data from this study must be viewed in context of the
tudy limitations. First, the data are from an observational
tudy of a cohort of patients from a single center and have
he common limitations of nonrandomized studies, includ-
ng selection biases and uncontrolled confounding. How-
ver, to date it is the largest data set to compare exercise-
nduced atrial arrhythmias and their prognostic impact of
ong-term cardiovascular risk. Second, the database does not
nclude information regarding pretest arrhythmias. Al-
hough baseline AF was excluded, prior occult paroxysmal
upraventricular arrhythmias may have been included.
hird, data regarding baseline antiarrhythmic drug therapy
ere not assessed, although we expect this omission to be
inimal by excluding individuals with baseline AF. Fourth,
he database did not distinguish between low-grade and
igh-grade AE. However, these data have important clini-
al implications in both the positive and negative interpre-
ation of exercise tests to risk-stratify individuals at highest
isk for adverse cardiovascular outcomes.
onclusions. Atrial ectopy during exercise was found to be
n independent predictor of an increased risk of MI, but not
ardiac survival or revascularization. However, in stepwise
odeling AE did not add to clinical baseline- or stress-
nduced risk factors of MI. All other exercise-induced atrial
rrhythmias were not independently predictive of cardiac
vents. These data in a large cohort of patients further
alidate the value of an exercise test to ascertain both
egative and positive risk and prognosis.
eprint requests and correspondence: Dr. Patricia A. Pellikka,
ivision of Cardiovascular Diseases, Department of Internal
edicine, Mayo Clinic, Mayo Foundation, 200 First Street SW,
ochester, Minnesota 55905. E-mail: pellikka.patricia@mayo.edu.
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